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Background: Advances in fracture fixation and soft tissue coverage continue to
improve the care of patients after limb-threatening lower extremity (LE) trauma.
However, debate continues regarding which treatment option—reconstruction or
amputation—is most appropriate. Many authors have attempted to quantify the pa-
tient experience in this treatment paradigm; however, they have not used patient-
reported outcome (PRO) instruments specific to this population. Our aim was
to identify and evaluate PRO instruments developed specifically for LE trauma,
applicable to reconstruction and amputation, using established PRO instrument
development and validation guidelines.

Methods: A multidisciplinary team used the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses method to query PubMed, Medline Ovid, EMBASE,
Cochrane, Medline Web of Science, and Psych Info databases from inception to
November 2016. Publications were included that described the development and/
or validation of a PRO instrument assessing satisfaction and/or quality of life in LE
trauma, applicable to both amputation and reconstruction. Two authors indepen-
dently reviewed each full-text citation.

Results: After removing duplicates, 6,290 abstracts were identified via the database
query. Following a preliminary title and abstract screen, 657 full-text citations were
reviewed. Of these references, none satisfied the previously established inclusion
criteria.

Conclusions: No studies were identified that described a PRO instrument de-
veloped to assess outcomes in LE trauma patients applicable to both recon-
struction and amputation. There is thus a need for a PRO instrument designed
specifically for patients who have sustained limb-threatening LE trauma to guide
treatment decisions. (Plast Reconstr Surg Glob Open 2019;7:¢2218; doi: 10.1097/
GOX.0000000000002218; Published online 3 May 2019.)

amputation, limb reconstruction, or delayed amputation

Severe lower extremity (LE) traumatic injuries are
life-changing events. Treatment options include early
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after reconstructive attempts; however, there is a no con-
sensus regarding the best treatment modality.'”” Success-
ful reconstruction may involve numerous operations with
a high rate of complications and long-term disability.**
However, amputation has its own limitations, including
life-long reliance on a prosthesis for ambulation. In the
setting of modern reconstructive microsurgery and ortho-
pedic trauma care, the optimal treatment has not yet been
established.

The impact of severe LE trauma is multidimensional.
Traditional metrics including infection rates, postopera-
tive complications, and pure functional assessments only
capture a small portion of the experience borne by this
patient population, neglecting outcomes such as return
to work status, social integration, and substance abuse.
A thorough assessment of the utility of amputation versus
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reconstruction must therefore be more comprehensive
than the approach we have applied in the past to other
surgical conditions, and therefore requires the develop-
ment and application of a meaningful, appropriate pa-
tient-reported outcome (PRO) instrument.

PRO instruments are broadly categorized into 2 groups:
generic and disease specific. Generic instruments evaluate
concepts of interest (COI) across a broad range of patient
populations, allowing for a general comparison of health
and well-being. Disease-specific PRO instruments capture
COI relevant to the disease process and allow an assess-
ment of change within these COI domains." Both types
of PRO instruments are in contrast to ad hoc measures,
which are a nonvalidated compilation of questions felt to
be important by the research team and/or clinician.

Current PRO research in LE trauma has relied heavily
upon generic measures, such as the SF-36 and Sickness Im-
pact Profile. Disease-specific PRO instruments designed
for populations other than LE trauma patients, such as the
Prosthesis Evaluation Questionnaire (designed for ampu-
tees) and the Musculoskeletal (MSK) Tumor Society Scor-
ing System (designed for MSK oncology) have also been
used, along with ad hoc instruments.'>"> Although these
instruments may offer some insight into LE trauma pa-
tient experiences, none have been rigorously developed
for, or validated in, the LE trauma population. Therefore,
these instruments lack the content validity required to
fully capture all COI relevant to these patients.

Given the stakes of LE trauma decision-making—the
significant length of time, use of resources, and potential
morbidity associated with salvage, and the permanence of
amputation—a disease-specific, valid, reliable instrument
allowing comparison between these treatment conditions
is essential. To identify and evaluate available options,
we conducted a systematic review of the literature. Our
primary aim was to identify PRO instruments developed
specifically for LE trauma patients, applicable to both
reconstruction and amputation patient cohorts. Our sec-
ondary aim was to evaluate any identified instruments
based on established guidelines for PRO instrument de-
velopment and validation.'®

Search Strategy

A comprehensive search was designed with the as-
sistance of a medical librarian using the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
guidelines to identify PRO instruments assessing qual-
ity of life and/or satisfaction for patients with LE trau-
matic injuries, applicable to both patients undergoing
reconstruction and/or amputation.17 The search was con-
ducted in PubMed, Medline Ovid, EMBASE, Cochrane,
Medline Web of Science, and Psych Info, from inception
to November 2016. Search terms were developed for LE
trauma and outcome instruments, as listed in Table 1. The
search terms were searched as text words and mapped to
medical subject headings when applicable. Terms within
each search category were combined with the Boolean
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operator OR, and the 3 categories were combined with
AND.

Selection Criteria

Publications were included if they were published in
English and if they described the development and/or
validation of a PRO instrument designed to measure sat-
isfaction and/or quality of life in LE trauma patients, ap-
plicable to both amputation and reconstruction cohorts.
Conference abstracts, theses, letters to the editor, editori-
als, and review articles were excluded. Secondary search-
ing, including a citation review of applicable publications,
was performed to identify additional instruments. Cor-
responding authors were contacted to obtain additional
information if necessary.

Data Extraction

One author (L.R.M.) reviewed all titles and abstracts.
All potentially applicable publications were reviewed as
full-text by 2 authors (A.J.G. and L.R.M.). Any disagree-
ments between A.J.G. and L.R.M. were resolved by con-
sensus with the senior author (M.J.G.). All publications
utilizing a PRO instrument that was not applicable to both
amputation and reconstruction patients were excluded.
Excluded citations were sorted into the following catego-
ries: ad hoc instruments, non-MSK PRO instruments, MSK
PRO instruments not developed for LE trauma, MSK PRO
instruments assessing functional outcomes only, PRO in-
struments specific to amputation patients only, LE PRO
instruments specific to reconstruction only, and trauma
PRO instruments not specific to the LE. Utilization fre-
quencies of each PRO instrument in each category were
also recorded.

The results of the electronic search are shown in Fig-
ure 1. There were 9,113 publications identified in the
search, with 6,290 publications after removal of duplica-
tions. After the initial title and abstract screen, there were
657 articles remaining, all of which were reviewed in full
text and assessed for eligibility. There were no articles
meeting inclusion criteria; none described a PRO instru-
ment assessing outcomes in LE trauma patients that were
applicable to both reconstruction patients and amputa-
tion patients. There were no additional articles added via
secondary searching. Table 2 reports the most frequently

Table 1. Search Strategy

Category Terms
LE trauma LE trauma, limb salvage, limb reconstruction,
limb threaten*, amputation
Quality of life Quality of life, health-related quality of life,
and/or patient functional status, function, well-being, health
satisfaction status, health status disparity, quality-adjusted
life years, patient satisfaction
Outcome Patient-reported outcome, questionnaire, sur-
instrument vey, instrument, measure, scale, assessment,

treatment outcome, consumer satisfaction,
psychometric*, data collection

*LE, lower extremity.
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n = 9113 identified through database
searching

n = 2823 duplicates removed

N

n = 6290 articles screened via title

> n = 3813 excluded using title

Ay

n = 2477 articles screened via abstract

n = 1820 excluded using

abstract

n = 657 full-text articles assessed for eligibility

n =0 articles added via
secondary searching

n = 657 articles excluded:

No PRO Instrument and/cr not LE Trauma Patients

- Foreign language (n=3)
- Review article (n=7)
- Study design (n=1)

- No PRO instrument (n=93)

- Not LE trauma patient population (n=64)

PRO Instrument in LE Trauma Patients*

- Non-MSK PRO instrument (n=263)

- Ad hoc instrument as only instrument (n=53)
- Ad hoc instrument in addition to other PRO instrument (n=42)

- MSK PRO instrument, not LE trauma (n=108)

- MSK PRO assessing functional outcomes only (n=71)

- Amputation-specific PRO instrument (n=108)

- Trauma PRO instrument, not LE-specific (n=2)

- LE Trauma PRO instrument, limb-salvage specific (n=1)

LE = lower extremity, MSK = musculoskeletal

* Publications with multiple instruments were counted in each associated group

Fig. 1. Flow diagram of systematic review. *Publications with multiple instruments were counted

in each associated group.

utilized PRO instruments that are used to assess outcomes
in LE trauma patients. The majority of studies utilized
multiple PRO measures, with a combination of ad hoc
measures, generic PRO instruments, and disease-specific
PRO instruments. These instruments were most commonly
designed for nontrauma MSK injuries and/or disease pro-
cesses. Table 3 lists the proposed domains for a novel PRO
instrument for LE trauma patients, based on the topics
covered in the instruments listed here and expert opinion.

The decision to pursue reconstruction or amputation
in the setting of limb-threatening LE trauma represents a
significant challenge to both surgeons and patients. These
injuries are often the result of high-energy mechanisms
and patients present with extensive soft tissue loss, peri-
osteal stripping, concomitant damage to neurovascular
structures, and varying degrees of contamination.'® Early

initiation of broad-spectrum antibiotic therapy, wound
debridement, rigid fracture stabilization, and soft tissue
coverage has revolutionized the treatment of these inju-
ries and led to increased rates of limb salvage.*'** How-
ever, debate continues concerning who should undergo
reconstruction versus amputation. Although each treat-
ment group faces unique challenges, both groups have
worse clinical and functional outcomes compared with
the general population due to persistent wounds, mul-
tiple procedures, depression, pain, posttraumatic stress
disorder, and, in the setting of amputees, difficulties with
prostheses. 2%

The LE Assessment Project (LEAP) is the most com-
prehensive civilian study to date. This study attempted to
determine whether amputated or salvaged patients had
superior clinical, functional, and health-related quality of
life outcomes using the Sickness Impact Profile.?***?¢ This
prospective observational trial of 601 patients enrolled
from 1994 to 1997 found no difference in clinical and

3



PRS Global Open * 2019

(panunuop)
(squuif Jomo[
sonoyIo pue sonaysoxd pue xaddn) sonarpsoxd IR ETN () NI &g |
9 M uonoeysnes “oy1f Jo LAienb ‘smeys fpuonouny pue sOnoYLIO JO SI9S() $91eIG palIU) €003 SOMAYISOIJ PUE $ONOYLIQ SO
Je8 pue Junjem £3o10ou0 W8£G Surroog £a100g
9 ‘srroddns ‘oouerdodoe [euonowo ‘uonouny ‘ured :so1edg T SSIA Ut o8eafes quur| $a1eIg PAITU) 661 & JOWN, [RID[YSONISNIA!
(XOPUJ SILIYLIE0ISO)
AISIOATU) TOISEIADIA
1 uonouny [earsdyd ‘ured ‘ssoupng SOLIYILIOISO epeuen) 8861 ;OLIBIUQ) WINSIM DVINOM
312 [B9S 92USpJuoOy)
31 Qoue[eq pue AI[IOW UI DUIPLUO) syuonedino Aopry epeuen) G661 douefeq oy0ads-SoNIANIY NV
JzrAreuuonsang)
JUDWISSISSY UONOUN |
3t Xopul J2110g ‘Xopurl uondunysi(g 9SBISIP JYSIA $91BI§ PaIIU) 6661 [€I2[SO[NISNIA JI0YS “VAINS
orarSO[BIS SUnEY 100JPIN pue
100JPUIH-oP[UY L2100 2] Uy
3¢ Juowrugife ‘ured ‘uonduny 103 sOYJ pPue URIDIUI) £3ojoped 1003 pue op[uy $91BI§ PAIIU) $661 pue 1004 d1paedoyi() uedLIUTY
rwmes) ] jou ‘sjuswmasur JySW
am\tw,:\aavum%w uonewIojuy
uonedoned o[ox [e100s JUDWAINSEI SIWONN()
¢ ‘ssonsIp feuonourd ‘ured ‘ongney ‘Suruonouny redrsdy g uonemndod [erouan $91RIS P[] 5003 partodoyuaned :SINOYd
[[€I19A0 . ‘sJo1[oq euostod pue uordifox 0e500 1 PUR TG “@1reu
“rrenynds  ‘9ouapuadopur JO [9A9] ‘[BIUIWUOIIAUD asn [eqo[3 8661 -uonsang) 91y Jo Arpeng) uonez
] ‘Teoos Teordojoyo4sd ‘eorsyd 103 surewop 911 Jo Aien) ‘uonemndod [erouan PURLIDZIIMG ‘GE61T -rue310) YPEoH PHOM " TOOOHM
uIpoMg
smeIs YPeay [[e1aa0 ‘uoissaxdap /Aorxue ‘SPUBLIDYION UL
3l 910§wodsIp /ured ‘SONIANOE [ENSN ‘QILI-J[3S AI[IqON uvonemdod [erouan ‘wopSury] pattun) 0661 .S TOOOMY :qs-OT
10921808 uorssaxdoq
¢I uoissaxdop Korxuy uonemndod [erousn wop3ury] pajun ¢861 pue Qorxuy [endso :SQVH
IeaY [eIURW ‘SUIIonNdUNy [0l [BID0S ‘Furuoniuny
o101 reuonowo ‘guruonouny afou rearsdyd ‘suondoorad gekoAINg
ST Preay [erauad ‘ured Aipoq ‘Guruonouny peorsdyd ‘Kperrg uvonemndod [erouan sa1elg pajIu) 9661 WO JI0YS WA g :g1-AS
ouar8Ay euosiad
‘SUOIIESUDS PUE SSUI[O9] ‘SUONOWD ‘SIdqUIdW A[TUe)
M TONILINUI ‘SUIUONIUNJ [ENIII[[AIUL ‘UONLBIIIIL
pue sownsed aansiof K1anoe uonedIUNWWOd 4poq Ay}
JO JUDWRAOW JUIWIUYUOD PUE AI[IGOUW JUIWFeUeUW
Pproyasnoy “{1om A[rep ensn ‘uontnnu Surye) ‘1sox pue
$¢ doors ‘uonowod0] pue UONEMUIE ‘UONILIANUI [BI0S uvonendod [erouan $91RIS PAIIU) GL6T 0z21g01g 10edw] SsouydIg
I[e9Y [BIUDW ‘SUTUONIUNJ I[OI [BIDOS ‘SUIUONOUNY
o101 reuonows ‘Suruonouny afou reorsdyd ‘suondaorad P CIN TN
L11 Ieay [exoua$ ‘ured A[rpoq ‘Suruonouny reosAyd Krpeirpy uonemndod [erousn s91BIG pAIIUN 3661 I[BIH 9¢ ULIOL 1I0YS 9¢-1S
SjuWINYSUL YYS-UON
suone) ‘oN surewo ([ uonemdoyg Lenadg Anunon xeax pLL

sjualjed ewneu] 37404 pazijiin suswnisu] OHd paynuapj Apusnbaig ‘g ajqel



Patient-reported Outcome in Lower Extremity Trauma

Mundy et al.

‘uontod uenturp € osfe ‘uontod OYJ 10§ PIASI[ surewof

“Apuapuadaput pasn st ey sondury 91 JO 2[jOI JNIYISOI U UIYIIM d[BIS © JO UOISIOA Vi

AL TOOOHM 242 10U ‘00 ["TOOOHM 24 Ul £[uo papnpul,

12

LG

4!
91

18

(26} IO WISSISSE UOTIOUNJ [LID[AYSO[NISNUL I} WO

suonsanb ‘g1-1g ‘swoapqoad Lrep Kers rendsoy roquiowax

01 L1[Iqe ‘[eURUY ‘UONBIIGRYDI SULIND JUIUN LI

oy11 Arep ur suonedrpaw ‘swapqoid srpadoylio 1oy

SUONEIIPIW ‘s21qqoy puk s11ods ‘uorsuad jo snyels
‘uorssajoud ‘SUONE[II [BID0S ‘UONBWLIOJUT [BIOUID) :TOYd

ASoroyodsd ‘oyip A[rep ‘uonouny

$2OURQINSIP 25w Apog

Ieay [eqogs ‘surajqoad ‘Arfiqowr ‘osn 20oYIsoIJ
UOTBULIOJUI [EIOUIS ‘SONIAIIIE JINSI] JUIUWUOIIAUD
‘asn onapsod ‘sisopsoad ‘uonipuod [edIsAyg
saniiqeded
rearsdyd [rexaso ‘yreay erauad ‘(wojueyd qenpisor)
ured ‘(JySrom Onotsae ‘uonduny) uondeysnes sisaylsord
(oN9[YIE ‘[RID0S ‘[RUONIUNY) UONDLISIT ANIANDE
‘(suoneirui] ‘[e10s [e1auad) Jusunsnipe [Br0SoYIASs ]
3urag-[om ‘(uapanq
[eos ‘uonensniy ‘sosuodsax poaroorad) [erosoyossd
‘(s19ysuen) ‘uonequre) Lriqow ‘(spunos ‘@ouereadde
“YI[EIY qUII| [ENPISAT ‘SSIUNISN) UONIIUNY DNIYISOIJ

fiiqow pue onayisoad jo asn

sonanoe [earsAyd yim Anoygjip paareosad juaneg
sonIAnoOe
1030wod0] Mardwos 03 Lrpiqedes poaroosad yuoneg

BWINEI],

93eAfes quuIj ‘ewunely,

s1osn

onapsoxd uoneinduwre g1
s1osn onayysoxd
uonendure [erowaysues

A[1opouoN

soomndwe |

sI1osT
onaysoad uoneindwe 7y

s1osn
onapsoxd voneyndure 1

s1osn

onaysoxd uoneindwe
Adexo eorsdyd

Surrmbau soseastp YIS AT

soomndwe |

1g9¢1570g0 HOIMO
Bwnen4[oJ 10§ 100G I9AOUURE]
oyads T 10U “ewunedy,

Qouely QITEUUONSING)
‘SpUBLIDYION YL 6103 suoydoray suayIaNMA
spudwmysur oyads-aSeares quiry

Aueuwron 1003

6221898 a8ew] Apog 2oindury
jegguonemdury
[EIOUWIQJSURI], B IIAN SUOSIdJ

10§ 2areuuonsan() Vi1
peerpor2dmdury

91 JO 9[yOId dNAYISOIJ

pueaIg 1008

uwwpAIMS 003

epeue)  §661

160¢'e5-555°1BIS
2oudLIdXY SISaIs0Id pue
uonenduwry Ar1uny, :SAJVIL

pue[aI] 0003

22z 2ITRTTONSINT)
uonenpeay sisoyIsold OAd
sjyuowmnsur dads-uonendury

$91eIG pAIu) 8661

wopSury panun - 3661 PR] LN SR L) 51

eprue) S91eI§ pajun) 6661 612[BIS [euonoun,y Y :SAAT
srorars HXOPUL

epeue) 8661 soniqiqeden) 1010Wo207T (D]

sjuewINSUI dwodIno uonouny redrsiyd S

suone)r) "oN

surewo(

uonemdog Lenadg

Axnunon xeax apLL,

panunuo) *z 3|qel



Table 3. LE PRO Instrument Proposed Conceptual
Framework

Appearance

Physical function
Psychosocial well-being
Sexual well-being
Employment

Prosthetics and orthotics
Satisfaction with experience
Satisfaction with outcome

functional outcomes or with health-related quality of life,
patient satisfaction with treatment, or rates of returning
to work. Worse outcomes, based on the Sickness Impact
Profile, were alternatively correlated with patient and en-
vironmental factors independent of treatment pathway,
including lower socioeconomic status, non-white race, to-
bacco use, using the legal system for injury compensation,
and low levels of self-efficacy.

The Military Extremity Trauma Amputation/Limb Sal-
vage (METALS) study attempted to answer the same ques-
tion in a military population.? A retrospective cohort study
from 2003 to 2007 was performed on 324 service members
who served in either Afghanistan or Iraq and who had suf-
fered limb-threatening trauma to the LE. In addition to
outcome measures for depression, posttraumatic stress
disorder, chronic pain, and daily activities, general MSK
PROs were evaluated with the Short Musculoskeletal Func-
tion Assessment (SMFA).? In contrast to the LEAP study,
amputees had higher SMFA scores and engagement in
vigorous sports in comparison to reconstruction patients.
Amputation patients also had lower rates of posttraumatic
stress disorder, although both groups had equivalent rates
of employment and depression. These findings reflected
the higher levels of intensive postinjury rehabilitation
services and access to prostheses and support devices pro-
vided to the military amputees, in comparison with both
civilian amputees and military reconstruction patients.

The LEAP and METALS studies have improved our
understanding of treatment outcomes in high-energy LE
trauma patients, but a major limitation to the above stud-
ies is the use of the Sickness Impact Profile, a generic PRO
instrument, and the SMFA, a general MSK PRO instru-
ment. These measures are appropriate tools to compare
outcomes between LE trauma patients and either the gen-
eral population or patients with various MSK diseases be-
sides LE trauma. However, they do not have the sensitivity
to evaluate LE trauma-specific COI that is critical to make
comprehensive inferences about LE trauma treatment
outcomes. Qualitative interviews of LE trauma patients
have identified numerous COI that are of importance to
this population, which are not captured in the above mea-
sures. Physical function and symptoms, appearance, psy-
chosocial and sexual well-being, social support, impact on
family, perceptions of recovery, coping, self-efficacy, medi-
cal decision-making, the impact on work and education,
and impact on finances have all been identified as COI in
qualitative research of LE trauma patients.?*-%

Although many of these COI may be addressed in vari-
ous other PRO instruments or ad hoc measures, no instru-
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ment was found that comprehensively evaluates all COI
relevant to LE trauma patients to allow for reproducible,
rigorous comparisons between treatment outcomes. The
most frequently observed paradigm was the use of a non—
MSK-specific PRO instrument on patients with LE trauma
(n =266). It was also observed that authors often utilized
an ad hoc instrument either alone (n = 61), or in addi-
tion to another PRO instrument (n = 44), in an attempt
to describe the outcomes of their cohort. The frequency
with which ad hoc instruments were employed further re-
inforces that there is a need for a metric capable of cap-
turing and reporting severe LE trauma-relevant domains
that are not adequately reflected in any of the currently
available instruments.

With regards to study limitations, the results of this
systematic review are dictated by the reliance upon the
reviewed studies. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines were used
to design our search query to reduce our risk of inadver-
tently omitting any studies that may be applicable to our
hypothesis. However, missed relevant texts are possible.
For those studies captured, the use of 2 separate reviewers
reduced the possibility of selection bias from one reviewer.

The results of this systematic review highlight the need
for a rigorously developed, reliable, and well-validated
outcome instrument to better understand those with
limb-threatening LE trauma. This tool would allow for the
collection of more specific outcomes to this population.
Additionally, it would provide a better understanding of
the domains that are most important to limb-threatened
patients and focus our clinical efforts to provide a greater
impact on their outcomes.
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